In athletes, pain has diverse functions and a complex etiology. Its role is not limited to indicating the limits of the body, especially in areas that are exposed to maximal forces and stresses and consequently vulnerable to damage or injury. Several common single nucleotide polymorphisms (SNPs) have been recently associated with inter-individual differences in pain perception. Among several other markers, catechol-O-methyltransferase (COMT rs4680:G>A) and the µ-opioid receptor (OPRM1 rs1799971:A >G) were proposed as key factors for pain perception. The aim of the current study was to investigate the potential association between COMT and OPRM1 genotypes and pain perception as well as the relation with elite athlete status. The study involved 395 healthy men, aged 18 to 28 years; 214 combat sports athletes comprised the experimental group and 181 non-athletes comprised the control group. DNA was extracted from buccal cells donated by the subjects, and genotyping for COMT rs4680 and OPRM1 rs1799971 was carried out using realtime PCR. Measurement of the pain threshold and pain tolerance was performed using an algometer and the cold pressor test. The genotype distribution of COMT and OPRM1 polymorphisms did not differ between combat athletes and the control group (p=0.500 and p=0.390). Pain threshold and pain tolerance as both quantitative and qualitative measures did not differ with respect to OPRM1 and COMT polymorphism in either the combat or the control group for any of the analysed genetic models. 
INTRODUCTION
Pain perception (meaning not just physiological processing of nociceptive signals but rather conscious recognition and awareness of painful stimuli) can be modulated and modified (enhanced or abolished) by many environmental factors, including psychological and personality-related factors, somatization and catastrophizing, as well as physical activity.
Pain is an unavoidable part of the athletes' sport experience, regardless of whether the discipline involves contact with other athletes or not. In theory and clinical practice, physical activity is considered as one of the significant elements of prevention and treatment of pain. Numerous studies indicate that regular exercise reduces inten-
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opiates, and it was observed that the 118G allele increased the ability of the receptor to bind β-endorphin. Hence, it can potentially modulate both the response to opioid therapy and the individual pain threshold [12] . What is more, the high central concentration of endorphins may decrease the density of opioid receptors and consequently it may influence pain perception.
Exploring the genetic basis of human variation in pain is vital to understanding the molecular basis of pain sensitivity, variable responses to analgesic drugs, and treatment individualization. Recent studies demonstrated that specific gene variants may influence pain sensitivity and analgesic drug responses [13, 14] . COMT and OPRM1 genes seem to be candidates for genetic markers of performance in selected sports among other previously investigated markers [15] . Since pain is an unavoidable part of the athletes' sport experience (especially in the case of combat sports), genetic variants with an impact on pain perception may be among factors related to individual predisposition to professional combat competition.
The aim of the current study was to investigate the potential association of COMT and OPRM1 genotypes with experienced elite combat athlete status. Furthermore, the association between COMT and OPRM1 genotypes and pain perception (pain threshold and pain tolerance), both in combat athletes and the control group, was evaluated.
MATERIALS AND METHODS

Participants
The study involved 395 healthy men, aged 18 to 28 years. The experimental group consisted of 214 combat athletes aged 18 to 28 (24.7 ± 6.6) years, with at least five-year long experience, including: boxing (n = 101), karate (n = 85) to a minimum level of 1 KYU and different martial arts (n = 28). The control group consisted of 181 students of the Faculty of Physical Culture, University of Szczecin, Poland, not involved in any sport at a professional level, aged between 18 and 26 (21.1 ± 1.8) years. All subjects were genotyped for common variants of COMT and OPRM1 genes, and were included in a casecontrol study. Pain sensitivity was evaluated by means of the cold pressor test (CPT) (a subgroup of 211 cases and all 181 controls) and the pressure pain test (PPT) (all 214 cases and a subgroup of 92 controls) in subsets of individuals who agreed to participate in these parts of the study.
The Pomeranian Medical University Ethics Committee (Szczecin, Poland) approved the study and written informed consent was obtained from each participant. The study complied with the guidelines set out in the Declaration of Helsinki.
Genotyping
Genomic DNA was extracted from buccal swab samples, using Genomic Micro AX SWAB Gravity (A&A Biotechnology, Poland), and subsequently standardized to equal concentrations of 10 ng/μl, based on spectrophotometric absorbance measurement (260/280 nm).
Although the relative impact of genetic versus environmental factors in human pain perception remains unclear, some explanation in this field is provided by animals models, in which heritability for nociceptive and analgesic sensitivities in mice is estimated to range from 28 to 76% [8] . Even though animal studies have provided a list of candidate 'pain genes', only a few of them have been identified as genes which are associated with the perception of pain in humans.
These differences in pain sensitivity among humans and a growing amount of scientific research suggest that genetic factors might explain part of the observed variability [9] . 
Cold pressor test (CPT)
While testing, the participants submerged their right hand below the wrist into a container with water at 37°C agitated by a pump for 2 min to acclimatize the skin [16] . Subsequently, the participants relocated their hand into a glass container with a freezing-cold water mixture between 0°C and 0.5°C, with an installed thermometer to observe the temperature. The hand was kept in the ice water until the participants were not able to withstand the pain any longer. The participants were asked to say "pain" when they experienced the first physical sensation of pain in the hand. There were required to specify the sensation of pain as it began (pain threshold) and again when the pain began to be unbearable (pain tolerance threshold). The upper limit of time during which the hand could be left in the container was 120 seconds, but the participants were not informed about the cut-off moment. The tolerance of pain was calculated in seconds.
Pressure pain test (PPT)
Measurement of the sensitivity of tissues to compression was performed using an algometer manufactured by Quirumed (Spain). The device is a force gauge, ranging from 0 to 10 kg, fitted with a discshape rubber tip bearing a surface of exactly 1 cm 2 . The results obtained by the individuals were classified in one of the two measurement intervals, i.e. below or above 10 kg. Before the measurement of sensitivity to compression was taken, each participant was in the same manner informed about the purpose and course of the study and received guidance on behaviour. Three test measurements were also carried out so that the participant could prove the compression arousing pain. He was also able to react in a timely manner and complete the measurement of pressure.
The test was conducted in a sitting position, with the right upper limb, bent at the elbow, being placed on the table. The participants were asked to put the hand on the table. First, the researcher evaluated the point of contact by palpation, then applied the pressure head between the thumb and forefinger at an angle of 90° and compressed it against the body with an increasing force, at the rate of 100 g/s. The measurement results were visible only to the person conducting the test.
All measurements were performed by the same investigator, in the morning hours and under the same conditions. 
Statistical analyses
RESULTS
The observed distribution of COMT rs4680 and OPRM1 rs1799971 genotypes was in concordance with the Hardy-Weinberg equilibrium, both in athletes and the control group (p>0.1).
The athletes were significantly older, shorter and had a higher mean BMI value compared with the control group ( Table 1) . The genotype distribution of COMT and OPRM1 polymorphisms did not differ between combat athletes and the control group (p=0.500 and p=0.390, respectively, Table 2 ). Since OPRM1 GG homozygotes were Low COMT activity has been associated with increased pain sensitivity in human pain studies, and COMT inhibitors sensitize to thermal and mechanical pain in animal studies [20] . Since the COMT gene is highly polymorphic and some of the common COMT variants may influence enzyme activity, many authors have pointed to COMT
DISCUSSION
Sensitivity to pain is a subjective feeling and varies widely between individuals. There is a suggestion that about half of the variation in individual sensitivity to pain is associated with the influence of genetic factors [17] . More than 350 candidate pain genes have been identified as potentially involved in hereditary differences in pain sensitivity [18] . The contribution of each gene is likely to have only a subtle effect on this multiplicity of mechanisms, making its signal difficult to detect. Even though the individual gene effects may be small, interactions between the genes and the environment may genetic diversity as one of the factors associated with individual differences in pain sensitivity [14] . In the COMT gene the only commonly occurring SNP changes the sequence of the encoded protein rs4680G>A, leading to the transition of valine 158 (stable variant COMT H (GG)) into methionine (unstable variant COMT L (AA)).
There are many reports on the effect of the COMT gene polymorphism on life processes, and the COMT polymorphic variants are associated with various disorders. An association between the rs4680
COMT variant and chronic pain syndromes, such as migraine, back pain, headaches or mandibular joint pain, has been observed in many independent populations [21, 22] . It was observed that AA individuals have a tendency to greater sensitivity to pain than GG homozygotes [21] . Nonetheless, differences between individuals in pain sensitivity are the main methodological challenge in this field of research.
In this study we examined the association of a common SNP in the COMT gene (rs4680:G>A) and pain perception in athletes and a control group using two different diagnostic methods involving thermal and mechanical stimuli. Combat athletes did not differ in the frequency of the COMT genotype compared to the control group (Table 2) . In both examined groups we observed no significant differences in CPT and PPT (current perception threshold and pressure pain tolerance) between groups with various genotypes (GG vs GA vs AA). Similar research was carried out by Kambur et al. [23] among breast cancer patients who reported an association of high tolerance and low sensitivity to cold and heat pain with the rs4680 variant.
However, a distinct majority of scientific reports do confirm a connection between sensitivity to pain and the activity of the COMT gene. According to their results, GG homozygotes are decidedly more resistant to pain stimuli than AA [24, 25] .
The study by Nackley et al. [26] demonstrated that not only rs4680:A>G but also other, silent SNPs (not associated with amino acid sequence alterations) may influence COMT activity, by affecting RNA stability, which finally results in reduced protein function. Hence, the effect of the COMT haplotype on enzyme activity, together with ethnic differences in allele frequencies and linkage of single loci, may be among the reasons for the observed discrepancies between the results of different studies.
The athletes in our study whose genotype contained one or two copies of the G allele were not more resistant to pain when compared to healthy non-athletes. Therefore, our results indicate a lack of association between the specific COMT gene allele with cold and pressure pain in both studied groups. This also indicated that the individual variability in pain sensitivity may be associated with other gene variants or non-hereditary factors such as the activity of the [31] .
Experimental pain is a substitute for clinical pain, as the precise relationship between experimental-pain and clinical-pain experiences is not clearly established [32] .
Thus, the identification of factors that determine a higher tolerance to pain in athletes would significantly contribute to the understanding, prediction and modulation of behaviours in the case of injuries and in adopting appropriate interventions. It would also help in designing appropriate training or educational programmes not only for athletes but also for people affected by pain. Additional research to further characterize the role of COMT and OPRM1 in pain and analgesia could provide important information for therapeutic interventions.
As for professional athletic performance, numerous genetic variants have been recently investigated and associated with predisposition and performance in multiple sports: endurance- [33, 34, 35] and power-related ones [36, 37] . However, some genotypes were not confirmed as genetic markers of exercise performance in the Polish population [38] , and further studies are needed.
This study can be considered fully innovative, although limited by the inability to compare the results with literature data (due to the lack of studies on athletes). Additional limitations of this study are the small sizes of study groups and the small number of examined SNPs. 
CONCLUSIONS
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sympathetic system (significant in the cold pressor test), the endogenous system of pain inhibition, psychological characteristics or environmental factors.
Another SNP analyzed in both groups was located in the gene encoding the μ-opioid receptor (μ-opioid OPRM1). Previous studies have shown that carriers of the AA OPRM1 genotype require significantly lower daily doses of morphine than patients with other genotypes [27] . This was confirmed by a study on patients following abdominal hysterectomy and Caesarean section. This suggests that the minor G allele of rs1799971 may contribute to a decrease in sedation score in carriers, and thus merits further investigation in additional, larger postoperative patient populations [28] .
In the group of combat athletes and in the control group we assessed the relationship between the rs1799971 OPRM1 gene variant and selected phenotypic features. In the control group, none of the participants had the GG genotype, and among athletes there were only 2 people with the GG genotype of the rs1799971 OPRM1
gene variant, and therefore we combined GG homozygotes with GA heterozygotes. We found no significant differences in CPT and PPT between groups with different genotypes (GA+ AA vs GG).
Our findings indicate no association between the OPRM1 rs1799971A>G variant and pain sensitivity in both groups. The assessment of an association between the pain threshold and toler- factors, gender, and ethnic origin than the genetic component [29] .
On the other hand, many reports confirm that the perception of pain is a polygenic trait; hence further studies should be extended with more genes and intergenic interactions [30] .
